The EtOAc extract of the roots of Glycyrrhiza uralensis exhibited α-glucosidase inhibitory activity. Bioassay-guided fractionation resulted in the isolation of an active prenylflavonoid, glycyrrhisoflavone. Its structure was elucidated by NMR and MS analyses. A simple method to prepare glycyrrhisoflavone from the 95% EtOH extract of the roots of G. uralensis was developed by combination of Diaion HP-20 column chromatography (CC), silica gel CC, and preparative HPLC. An HPLC-PDA method was developed for quantitative determination of glycyrrhisoflavone in the roots of G. uralensis. The sample was extracted with MeOH and analyzed using a reversed-phase column with isocratic elution with CH 3 CN-H 2 O (0.06% trifluoroacetic acid) (42:58) at a flow rate of 1.2 mL/min, a column temperature of 40°C, and a detection wavelength of 260 nm. The method allowed the determination of glycyrrhisoflavone in the concentration range of 5-500 μg/mL. The relative standard deviation values of the precision and repeatability were 0.3% and 2.0%, respectively. The limits of detection and quantification were 0.5 μg/mL and 5 μg/mL, respectively. The relative recovery rate was 100.2 ± 1.8%. Based on the validation results, the HPLC determination method was found to be precise, accurate, and time conservative. This method was applied successfully to nine different root samples of G. uralensis. The amounts of glycyrrhisoflavone in these samples were 15-93 mg/100 g of dried powdered plant material.
Licorice, the roots of some Glycyrrhiza species (Leguminosae), has been used by human beings for at least 4,000 years. It is one of the most frequently used herbal medicines, not only in traditional medicine, but also as flavoring and sweetening agents in food [1] . Much of the recent research on licorice constituents has indicated the pharmacological importance of phenolic compounds, such as their antitumor, anti-ulcer and antimicrobial effects [2] . Until now, many studies on the flavonoids from Glycyrrhiza species have been carried out, and more than sixty have been isolated from the roots of G. uralensis, one of the most important species of licorice [3] . Recent pharmacological studies showed that the roots of G. uralensis were effective in preventing and ameliorating diabetes. This effect was due to the multiple functions of licorice flavonoids, such as peroxisome proliferator-activated receptor-γ (PPAR-γ) ligand-binding activity [4] , and aldose reductase inhibitory activity [5] . In our study, the crude flavonoid fraction from the roots of G. uralensis showed a glucose-lowering effect in a glucose tolerance test, suggesting that the α-glucosidase inhibitory activity of licorice flavanoids may be another principle factor for the hypoglycemic effect of licorice. Thus, further study was carried out on the α-glucosidase inhibitory flavonoids from the roots of G. uralensis through bioassay-guided isolation, and resulted in the isolation of glycyrrhisoflavone as the most active compound (Figure 1 ). Accordingly, a simple method to prepare glycyrrhisoflavone from licorice, and a quantitative determination method were developed.
The 95% EtOH extract of the roots of G. uralensis was suspended in water, and then extracted successively with EtOAc and n-BuOH. The EtOAc, n-BuOH and water extracts were evaluated for their inhibitory activity against α-glucosidase. At a concentration of 1 mg/mL, the EtOAc extract showed the strongest inhibition to sucrase and maltase. Bioassay-guided fractionation was conducted by silica gel column chromatography (CC), ODS CC and HPLC, which resulted in the isolation of an active prenylflavonoid. The structure of this compound was identified as glycyrrhisoflavone by NMR and MS analyses, and comparison with data in the literature [6] . The IC 50 values for the α-glucosidase inhibitory activity of glycyrrhisoflavone were evaluated to be 1.24 ± 0.08 mM against sucrase and 0.83 ± 0.06 mM against maltase, whereas acarbose was used as a positive control, with IC 50 values of 11.8 ± 0.8 μM against sucrase and 9.0 ± 0.7 μM against maltase. Glycyrrhisoflavone has also been reported for its PPAR-γ ligand-binding activity [4] , suggesting its potential hypoglycemic effect.
A simple method to prepare glycyrrhisoflavone from the roots of G. uralensis was developed. First, the 95% EtOH extract was subjected to a Diaion HP-20 column, followed by washing with 70% MeOH to remove saponins and non-prenylflavonoids, then 90% MeOH to obtain the crude prenylflavonoid fraction. This was separated by silica gel open CC with CHCl 3 -MeOH (95:5) to obtain crude glcyrrhisoflavone. RP-HPLC was used to purify glcyrrhisoflavone with MeOH-H 2 O [0.06% trifluoroacetic acid (TFA)] (70:30). Because cyclization between the γ,γ-dimethylallyl group and its ortho-hydroxy group arose from TFA when the solvent was evaporated under reduced pressure [7] , the eluate containing glycyrrhisoflavone during HPLC purification was immediately diluted with water and subjected to Diaion HP-20 CC. Water was used as the eluent to remove TFA until the pH of the eluate was near neutrality, then MeOH was used to wash out glycyrrhisoflavone. Evaporation of the MeOH eluate yielded pure glycyrrhisoflavone.
Quantitative determination of glycyrrhisoflavone in the roots of G. uralensis was achieved by a reversed-HPLC method within 45 min, featuring isocratic elution with CH 3 CN-H 2 O (0.06% TFA) (42:58). UV absorbance detection at 260 nm was found to be of good sensitivity using a Photodiode Array (PDA) Detector. Clear and good separation of glycyrrhisoflavone (17.9 min) from other components was obtained. No peak was observed in the control for sample, indicating that the solvent (MeOH) did not interfere with the analysis.
Validation of the analytical method was undertaken by examination of linearity, limit of detection (LOD), limit of quantification (LOQ), precision and recovery. For linearity validation, standard solutions of glycyrrhisoflavone (5-500 μg/mL) were prepared. A volume of 20 μL of standard solution was injected into the HPLC column and analyzed using the described HPLC method. Triplicate analyses were performed for all samples. The standard curve for glycyrrhisoflavone was analyzed using the linear least-squares regressing equation derived from the peak areas versus the concentrations of glycyrrhisoflavone. The regression equation was Y = 0.0272X − 0.0472 (r 2 = 0.9994), indicating the high degree of correlation and good linearity of the method.
The LOD and LOQ of glycyrrhisoflavone were 0.5 μg/mL and 5 μg/mL, respectively, indicating that the method for quantification of glycyrrhisoflavone in licorice exhibited good sensitivity. The intra-day precision level for the analytical method was evaluated by five replicate analyses during one day. The criterion of the precision test was 0.3% for the relative standard deviation (RSD) of peak area, indicating the good precision of the method.
To examine the repeatability of the method, four samples of G. ularensis roots were extracted, and each of them analyzed three times by HPLC. The results are given in Table 1 . The RSD value was 2.0%.
A recovery experiment was carried out using a standard addition method. Glycyrrhisoflavone was added to samples at four different mass values (250-1000 μg), and then the samples were treated using the same procedure as for sample preparation, including extraction, filtration and evaporation. Triplicate experiments were performed at each level. The recovery results are presented in Table 2 . The recovery of glycyrrhisoflavone added to the samples was in the range of 98.2-102.0%, with an RSD value of 1.8%. The established HPLC-PDA method was used to determine the content of glycyrrhisoflavone in nine different G. uralensis root samples. The results are shown in Table 3 . The amount of glycyrrhisoflavone varied between 15-93 mg/100 g of dried powdered plant material. Of the nine samples, G. uralensis cultivated in Inner Mongolia province was the richest in glycyrrhisoflavone.
In conclusion, the EtOAc extract of G. uralensis roots exhibited α-glucosidase inhibitory activity in vitro. Bioassay-guided fractionation of the extract resulted in the isolation of an active prenylflavonoid, glycyrrhisoflavone, which also has PPAR-γ ligandbinding activity. The multi-mechanism hypoglycemic effect of licorice flavonoids suggested that licorice can be used as a functional food to ameliorate diabetes, which is becoming a serious public health problem. In addition, glycyrrhisoflavone was reported to inhibit xanthine oxidase [8] , monoamine oxidase [9] and melanin synthesis [10] . The biodiversity of glycyrrhisoflavone and the hypoglycemic effect of licorice promoted us to develop the methods for glycyrrhisoflavone preparation and quantification. The preparation process is simple, easy and repeatable for glycyrrhisoflavone enrichment. In addition, the analytical method is precise and accurate, and is recommended for the analysis of glycyrrhisoflavone in the quality assessment of licorice.
Experimental
General experimental procedures: TAITEC Bioshaker BR-022UP (TAITEC, Saitama, Japan) and microplate reader (BioTec, Tokyo, Japan) were used for the α-glucosidase assay. C NMR spectra were recorded using a JEOL ECP-500 NMR spectrometer with TMS as the internal reference. HPLC analysis was performed using a Waters (Milford, MA, USA) system consisting of an alliance 2695 Separations Module, a 2996 Photodiode Array (PDA) Detector and a CAPCELL PAK C 18 ACR column (250 × 4.6 mm i.d. 5 μm; SHISEIDO, Tokyo, Japan).
Plant material:
Plant materials used in this research were collected from various areas in Ningxia, Gansu and Inner Mongolia Provinces, People's Republic of China (Table 3) , and were identified by one of the authors, W. Li. Plant No. 1 was used for bioassayguided isolation, glycyrrhisoflavone preparation and HPLC method validation. 1052 Natural Product Communications Vol. 5 (7) 2010 Li et al.
α-Glucosidase assay [11] : α-Glucosidase was prepared from rat intestinal acetone powder (Sigma-Aldrich Japan Co., Tokyo, Japan). This (100 mg) was dissolved in 56 μM maleate buffer (pH 6.0, 0.9 mL), sonicated at 0°C for 30 min, and then centrifuged at 3000 rpm at 4°C for 10 min to obtain the supernatant. This was diluted by adding either a two-fold volume of 56 μM maleate buffer and used as sucrase solution, or by adding a sixty-fold volume of 56 μM maleate buffer and used as maltase solution. Sucrose or maltose in 56 μM maleate buffer (20 mg/mL) was used as substrate solution. The enzyme solution (0.1 mL) described above was added to a mixture of substrate solution (0.1 mL), samples of various concentrations in MeOH (0.01 mL) and 56 μM maleate buffer (0.04 mL). The reaction mixture was incubated for 60 min at 37°C in a final volume of 0.25 mL, and then heated at 102°C for 10 min to stop the reaction. The glucose release in the solution was determined in a 96-well plate using a glucose assay kit (Glucose CII-test Wako, Wako Pure Chem. Co., Osaka, Japan) based on the glucose oxidase/peroxidase method by measuring the absorbance at 510 nm. The negative control was prepared by adding MeOH instead of the sample in the same way as the test. Acarbose was used as the positive control with IC 50 values of 11.8 ± 0.8 μM to sucrase and 9.0 ± 0.7 μM to maltase in this assay system. The blank was prepared by adding 56 μM maleate buffer instead of the enzyme solution using the same method. The inhibition rates (%) = [(OD negative control − OD blank ) − (OD test − OD test blank )]/(OD negative control − OD blank ) × 100%.
Bioassay-guided isolation:
The dried powdered roots of G. uralensis (1 kg) were extracted with 95% EtOH (6 L) at room temperature, with occasional stirring, then filtered and evaporated under reduced pressure to give 200 g dry extract. This was suspended in H 2 O, and then extracted successively with EtOAc and n-BuOH saturated with H 2 O. Evaporation of the solvent yielded 95 g EtOAc extract, 58 g n-BuOH extract, and 47 g water extract. At a concentration of 1 mg/mL, the EtOAc extract was the most active fraction with a 41.3% inhibition ratio to sucrase and 28.2% to maltase, while the n-BuOH extract only showed a 38.0% inhibition ratio to maltase and no inhibition to sucrose; the H 2 O extract was inactive against sucrase and maltase. The 
HPLC-PDA quantification
Chromatographic conditions: A reverse-phase HPLC assay was carried out using an isocratic system with a flow rate of 1.2 mL/min, a column temperature of 40°C, a mobile phase of CH 3 CN-H 2 O (0.06% TFA) (42:58), and a detection wavelength of 260 nm. The injection volume was 20 μL. The total chromatographic analysis time was 45 min per sample, with glycyrrhisoflavone eluting at a retention time of 17.9 min.
Standard solutions:
A stock solution of glycyrrhisoflavone was prepared at a concentration of 500 μg/mL. Standard solutions were prepared from this Glycyrrhisoflavone from Glycyrrhiza uralensis Natural Product Communications Vol. 5 (7) 2010 1053 by diluting with MeOH to obtain concentrations of 5, 10, 50, 100 and 200 μg/mL of glycyrrhisoflavone.
Sample preparation: Powdered roots of G. uralensis (2 g) were accurately weighed and extracted 3 times with MeOH (40 mL) by ultrasonic treatment at room temperature for 60 min. The solution was filtered through a filter paper, the filtrate evaporated, the residue dissolved in MeOH, and then subjected to a sep-pak cartridge (C 18 ). This was washed with MeOH (10 mL) and the volume of eluate made up to 25 mL with MeOH. The solution was filtered through a 0.45 μm Chromafil filter prior to HPLC injection.
Method validation: For linearity, test solutions were prepared from the stock solution at 6 concentrations from 5 to 500 μg/mL. A calibration curve was constructed by plotting peak areas (x10 -8 ) against concentrations. The linearity was assessed by calculating the slope, Y-intercept and coefficient of determination (r 2 ) using least-squares regression. The LOD (signal/noise > 3) and LOQ (signal/noise > 10) were determined by analyzing serial dilutions of known concentrations of glycyrrhisoflavone standard solutions. Precision was performed using the glycyrrhisoflavone standard solution at a concentration of 50 μg/mL by 5 replicate analyses. For repeatability, 4 samples of G. ularensis (1 g) were extracted by the same procedure as that used for sample preparation, and each was analyzed 3 times by HPLC. Recovery of the assay method was evaluated in triplicate at 4 different mass values (250-1000 μg) of glycyrrhisoflavone using plant No.1. Relative standard deviation was calculated.
